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THE EFFECT OF X-RADIATION ON EXPERIMENTALLY PRODUCED
CUTANEOUS SENSITIYITY*
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Although theories have been advanced to explain the mechanism of skin hyper-
sensitiveness as a result of direct contact with chemicals only indirect evidence
of the true nature of this phenomenon exists. The incomplete antigenic nature
of the simple sensitizing chemical agents and the failure to demonstrate a cir-
culating antibody in the blood stream differentiates this manifestation of sensi-
tization from those atopic and anaphylatic states where these immunologic
mechanisms have been demonstrated. For in these later instances reagins and
precipitins respectively are found and the chemistry of the protein antigens is
better understood.
It is felt that in allergic eczematous contact dermatitis, simple chemicals are
capable of initiating sensitization because of their ability to form conjugate
compounds with tissue protein and thus act as active antigens (1, 2). This specific-
ity may depend upon the property of steric isomerism or spatial relationship of
their component parts (3, 4) and the ability to sensitize is increased if the com-
pound allergen is insoluble (5). The studies of Landsteiner and Chase (6) and
Haxthausen (7) suggest that the antibody involved in cutaneous hypersensitiv-
ity is a "cellular" one residing especially within lymphocytes and lymphoid
cells and not found free within the serum even after lysis of these cells.
If the factor mediating the delayed type dermal sensitivity lies within intact
lymphoid cells, then the in vivo destruction of these cells should result in a
disappearance or diminution of this hypersensitive state. Ionizing radiation will
accomplish such destruction of lymphoid elements (8). It has also been shown
that x-radiation (9-12) and the nitrogen mustards (12-13) exert an inhibiting
effect upon the formation of circulating antibody in experimental animals.
Experimentally produced sensitivity in the skin of guinea pigs has been accom-
plished with a wide variety of plant oils (14-17) and chemicals (14, 16, 18-24).
This report deals with our study on the effect of x-radiation on experimentally
induced contact type eczematous sensitization in the guinea pig.
EXPERIMENTAL PROCEDURE AND RE5ULT5
Adult albino guinea pigs weighing from 250—300 grams were sensitized with
p-phenylenediamine (C. P.) according to the technic described by Mayer (25).
Each animal received daily for seven days an intradermal injection of 0.1 cc
of 0.1% solution in the skin of the flank. Fourteen days after receiving the last
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sensitizing injection, they were tested for the presence of cutaneous sensitivity
\vith an intradermal injection of 0.1 cc of a 0.1% solution of p-phenylenediamine
into the skin of the opposite flank. A positive reaction consisted of an erythema-
tous indurated papule reaching a maximum in 24—48 hours. Thirty-seven animals
were sensitized by this method. Nineteen of these sensitied guinea pigs
were subjected to 175 r of total body irradiation administered at 200 kv and 20
ma, filtered through 0.5 mm copper and 1 mm of aluminum at a focal distance of
64 cm. Eight minutes were required to deliver this dose. The animals were held
in a suspended wire cage to avoid back scatter of the x-rays. Sixteen to twenty-
four hours after the exposure to x-radiation these animals were again retested at
newly shaven distant areas to determine the constancy of the reaction. Non-
sensitized irradiated and non-irradiated guinea pigs were also tested in exactly the
same manner in order to determine the criteria of a negative response. Retesting
for sensitization was done in 2 ways: (1) the intradermal administration of 0.1 cc
of a 0.1% solution of p-phenylenediamine (C. P.) on one flank and (2) the appli-
cation of a fresh 10% p-phenylenediamine (C. P.) ointment in petrolatum to a
shaved area of skin on the opposite flank. According to the criteria of Mayer
(2) a positive test by the latter method is the development of a local area of
acute dermatitis appearing within 24—48 hours and consisting of erythema,
induration, vesiele formation, oozing and exfoliation with an associated blacken-
ing of the involved skin. The intensity of this staining parallels the intensity of
the inflammation and is supposedly due to an oxidation product of p-phenylene-
diamine, quinone-di-imine, combining with sulfur containing cell components (2).
An attenuated response was interpreted as an area of mild erythema, with or
without slight induration and graying of the skin. A negative response was repre-
sented by only a light staining of the tested skin site.
When "patch tested" with the external application of the p-phenylenediamine
ointment, of the 18 guinea pigs in the sensitized non-irradiated group there were
14 animals showing a marked positive reaction (Fig. 1) and 4 an attenuated re-
sponse. Whereas, in the irradiated group of sensitized animals, 5 exhibited a
positive reaction, 11 an attenuated response (Fig. 1), and three showed negative
skin reactions. When retested by the intradermal route, 35 guinea pigs showed
the typical positive delayed reaction. While on the whole there appeared to be
some reduction in size and intensity of the reaction in those animals that had
been retested following x-radiation, this difference was not significant when com-
pared with the sensitized non-irradiated animals. All of the non-sensitized but
irradiated animals showed negative responses when tested to p-phenylenediamine
by both the intradermal route and external application of the 10% ointment.
DISCUSSION
The technic of sensitizing the skin of the guinea pig to p-phenylenediamine
employed in this experiment is that described by Mayer (20) in which it appears
that the epidermal hypersensitivity developed closely resembles or is identical
with human allergic eczematous contact dermatitis on the basis of appearance
and histologic study (2, 20, 26). Guinea pigs have been found to vary in their
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susceptibility to the development of this type of cutaneous sensitivity especially
as regards strain, seasonal, and dietary factors (27, 28). To control these variables
all animals used were of the same strain, approximate age and weight, and were
fed on an identical diet, free of greens and slightly deficient in Vitamin C. Previ-
ous studies by Mayer (2, 26) and Mayer and Kull (29) have shown that this
type of experimental allergic dermatitis could be suppressed or attenuated by
antihistaminic drugs (26) and aggravated in intensity by the administration of
hyaluronidase (29).
The exact details of the mechanism of the development of cutaneous hyper-
sensitivity are unknown but it is apparent that the skin is not only the shock
organ in which the allergic state comes to reside but somehow is actually involved
in the development of this process. Landsteiner and Chase (30) have shown that
FIG. 1. Guinea pigs sensitized to p-phenylenediamine and tested for cutaneous sensi-
tivity with the application of a 10% p-phenvlenediamine ointment. (A) Shows a strong
positive skin reaction as compared with an attenuated response seen in guinea pig (B) who
had been exposed to x-radiation prior to the skin test.
the allergen after deposition on or in the skin is transported by way of lymph
vessels lying on the surface of the musclar layer in the skin. The site of develop-
ment of the sensitivity is unknown but it is felt that this may occur within the
regional lymph nodes (5). The studies of Landsteiner and Chase (6), Haxthausen
(7), and Crepea and Cooke (31) have revealed that this sensitivity factor or
"antibody" apparently is contained within lymphocytes and other lymphoid cells.
The ability of these cellular elements to transfer or carry this sensitivity depends
upon the intact cell and this "antibody" no longer exists once the cells have been
lysed (6-7). Furthermore Haxthausen (32) has shown by skin grafting experi-
ments that the repository of antibody is not contained within the skin cells
themselves.
It is not surprising therefore to find that destruction of lymphoid cellular ele-
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ments such as occurs following x-radiation, as employed in this experiment, may
result in the modification of the degree of severity of an existing cutaneous hyper-
sensitivity to a simple chemical compound. It should be pointed out that with
the type of filtration used in the radiation exposure of these experimental animals,
only the short rays penetrating to tissue and organs beyond the skin were em-
ployed so that any possible local effect on the epidermocutis by the long, super-
ficially absorbed rays was minimized.
The radiation exposure of 175 r employed in this experiment is considered to
be the LD 50/30 days dose for the guinea pig. It has been found that following
this dosage there is destruction in the germinal centers of the white pulp and a
diffuse depletion of lymphocytes in the spleen of this animal (8A). The lymphoid
cellular elements of lymph nodes and Peyers patches of the intestine are also
damaged (SB) and the number of hematopoetic cells in the bone marrow is
slightly decreased (SC). However, it should be pointed out that this type of dam-
age produced in the guinea pig is much less extensive and severe than that seen
in other animals such as the rabbit or mouse treated with equivalent doses of
radiation. In the guinea pig only a few lymphatic nodules were destroyed, and
some were entirely undamaged; those that were partially damaged recovered
rapidly, and at no time was a lymph node found to be devoid of lymphatic
nodules (SB). Perhaps, therefore, the failure of x-radiation to completely suppress
experimentally produced cutaneous sensitivity to drugs in the guinea pig may be
related to the survival of lymphoid elements. Partial destruction of these lym-
phatic cells would then result in an attenuation of this hypersensitivity rather
than its complete obliteration.
All of the animals survived the 175 r administered in this experiment and,
therefore, the LD 50 for this strain of guinea pigs was not attained with this
dosage. Another possibility is that even though filtered x-radiation was used
perhaps there may have been some non-specific superficial skin change from this
type of therapy. The possibility must also be considered that perhaps the re-
sponse of the skin in general may have been weakened due to the systemic effects
of generalized irradiation.
The question also arises as to why identical results in eliciting reactions were
not obtained in skin testing the sensitized animals by two different methods.
Perhaps the external application of the chemical to the skin and the intradermal
method are actually testing two different phases of the phenomenon of cutaneous
hypersensitivity that are each affected in a different manner by ionizing radiation.
Or perhaps this may somehow be related to the effects of the x-radiation on the
skin itself. However, the ansivers to these questions are not apparent from these
experiments.
SUMMARY
1. Thirty-seven albino guinea pigs were sensitized to p-phenylenediamine
with the production of cutaneous hypersensitivity.
2. Nineteen of the sensitized animals received 175 r of total body x-radiation.
3. An attenuation of the degree of skin sensitivity appeared in a majority of
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the irradiated animals as compared with the non-irradiated controls when tested
by the external application of p-phenylenediamine ointment to the skin.
4. No difference was observed between the irradiated and nonirradiated groups
when the intradermal method of testing for delayed type of skin sensitivity was
employed.
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